The Disability of the Arm, Shoulder, and Hand (DASH) questionnaire was originally designed as a measure of disability in patients with disorders of the upper limb, but the DASH score is also affected by disability because of lower limb disorders. The aim of this study was to investigate the construct validity of the DASH questionnaire and to create a revised DASH questionnaire, the Manchester-modified or M 2 DASH, with fewer questions that is more specific to the upper limb. Patients were asked to fill in the DASH questionnaire in a fracture clinic after ethical approval. This included 79 patients with upper limb injuries, 61 patients with lower limb injuries, and 52 control subjects. The mean DASH scores for the three groups varied significantly, and the lower limb group had a mean score of 16. The M 2 DASH questionnaire was developed using questions more specific to the upper limb and included questions 1-4, 6, 13-17, 21-23, and 26-30 from the original questionnaire. The mean M 2 DASH score for the lower limb group was 9 and, unlike the original DASH score, was not statistically different from the control group. The M 2 DASH scores were then calculated for the upper limb group and a correlation study showed highly significant correlation between the original DASH scores and the M 2 DASH scores. Our study shows that the original DASH questionnaire is not specific for the upper limb. The M 2 DASH questionnaire has the advantage of being more specific for the upper limb than the DASH questionnaire, and it correlates well with the original DASH questionnaire when looking at isolated upper limb injuries.
Introduction
Injuries and diseases commonly affect the upper limb, and these can significantly affect the ability of an individual to perform activities of daily living. The use of regional outcome measures or scoring systems is important as it allows comparison between these injuries and diseases and allows clinicians to assess progression and the effects of different treatment modalities [3] . Table 1 shows the Disability of the Arm, Shoulder, and Hand (DASH) questionnaire [4, 13] and the shorter version QuickDASH [5] that were originally designed and have been validated as a measure of disability in patients with disorders of the upper limb. The DASH questionnaire is frequently used to assess self-reported patient outcome in orthopedics, rheumatology, and neurology [9, 12] . The content of the DASH questionnaire links well with the International Classification of Functioning, Disability, and Health [8] , and radiological and objective physical results have also been associated with the DASH score [14] . The score out of 100 is calculated from a patient-based questionnaire after the patient answers 30 questions choosing 1 of 5 responses. Six domains are assessed in the DASH questionnaire: daily activities, symptoms, social function, work function, sleep, and confidence. It was originally developed as a regional outcome measure specific for the upper limb, but a recent study showed that the DASH scores in patients with lower limb disability are also higher than normal control subjects [7] . This suggests that the questionnaire does not exclusively measure disability associated with disorders of the upper limb.
Although a number of studies using the DASH score have specified that the injuries were isolated [10, 11] , this has not always been the case [2, 6] . In previous studies looking at DASH scores where there were injuries to both upper and lower limbs and in studies of polyarthropathies [1] , the DASH scores need to be interpreted with caution. Care must be taken when attributing disability measured by the DASH score to disability of the upper limb when problems are also present in the lower limb.
It is important that a scoring system is developed that allows satisfactory regional outcome measurements specific for the upper limb. This is particularly important in injuries that involve both upper and lower limbs and in polyarthropathies. The aim of this study was twofold; firstly, to investigate the construct validity of the DASH score in patients after injuries to the upper and lower limbs and to confirm that DASH score does not measure disability solely attributed to the upper limb. Secondly, to create a modified DASH score with fewer questions that can discriminate clearly between disabilities because of problems at the upper limb and is more specific to the upper limb. This would allow the score to be satisfactorily used in patients with both upper and lower limb disability and only measure the disability in the upper limb.
Materials and Methods
One hundred and ninety three patients were asked to fill in the DASH questionnaire in the waiting room of fracture clinics at Stepping Hill Hospital, Stockport, UK between January and June 2007 after ethical approval. This included 79 patients with upper limb injuries, 61 patients with lower limb injuries, and 52 control subjects. The inclusion criteria were an isolated upper or lower limb injury, aged 18 or over, and previous independence in performing the activities of daily living. Where a patient was not able to complete the questionnaire because of upper limb injury, an accompanying person acted as a scribe. The control subjects were relatives attending the fracture clinic with the patients and who had not sustained an injury requiring hospital attendance within the last 6 months. Eligible patients were invited to participate while waiting for their appointment.
The DASH score was calculated as specified in the questionnaire. The original DASH questionnaire allows for the omission of up to three questions, and the score is adjusted to accommodate for this. Comparison of the DASH scores between the three groups was made using the Kruskal-Wallis test. Pairwise comparisons between the groups were made using the Mann-Whitney test. A p value of <0.05 was taken as statistically significant.
Using the frequency tables and bar charts for the scores for each group for each question, we identified and eliminated questions that the lower limb injury group scored highly on. This allowed us to come up with a revised questionnaire, referred to as the Manchester-modified or M 2 DASH. We retained at least half the number of questions from each of the six domains described in the original DASH questionnaire. We allowed the omission of up to two questions for the M 2 DASH. The score was calculated just like the original questionnaire by adding up the total scores from all answered questions, dividing it by the number of answered questions, subtracting 1, and multiplying by 25. Comparison of the M 2 DASH scores between the three groups was also made using the Kruskal-Wallis test, followed by pairwise comparisons between the groups using the Mann-Whitney test. This was followed by the chi-square tests to identify the questions that are not specific for the upper limb, i.e., questions where there was no significant difference in response between the upper and lower limb groups.
To assess the validity of the modified questionnaire, the M 2 DASH score was calculated for the upper limb injury group using the previously completed questionnaires and a comparison was made with the original DASH score. The correlation between the two questionnaires was assessed by calculating Spearman's correlation coefficients and this served to analyze the validity of the modified questionnaire. All analyses were performed on SPSS version 12.0 (SPSS, Chicago, IL, USA).
Results
The mean ages and standard deviations (SDs) for the three groups were 46 years (22 years) for the upper limb group, 38 years (17 years) for the lower limb group, and 44 years (19 years) for the control group. The patients' ages did not vary significantly between the three groups (Kruskal-Wallis: p>0.05). The mean DASH scores and SDs for the three groups were 54 (22) for the upper limb group, 16 (10) for the lower limb group, and 2 (3) for the control group (Fig. 1a) . The DASH scores varied significantly between the three groups (Kruskal-Wallis: p<0.001); the mean score for the upper limb group were higher than the other two groups, and the mean score for the lower limb group was higher than the control group. Pairwise comparisons between upper and lower limb groups (Mann-Whitney: p<0.001), and between lower limb and control groups (Mann-Whitney: p<0.001) showed statistically significant differences. The M 2 DASH questionnaire was developed using questions specific to the upper limb and included questions 1-4, 6, 13-17, 21-23, and 26-30 from the original questionnaire (Table 1 ). The mean M 2 DASH scores and SDs for the three groups were 51 (23) for the upper limb group, 9 (9) for the lower limb group, and 2 (2) for the control group (Fig. 1b) . The M 2 DASH scores also varied significantly between the three groups (Kruskal-Wallis: p< 0.001). Pairwise comparisons between the upper and lower limb groups (Mann-Whitney: p<0.001) and between the upper limb and control groups (Mann-Whitney: p<0.001) showed statistically significant differences. It is important to note that no significant difference was seen between the lower limb group and the control group (Mann-Whitney: p>0.05) when using the M 2 DASH scores.
Using chi-square tests, only question 10 (p>0.05) and question 20 (p>0.05) showed no evidence of a difference between the upper limb and lower limb groups, suggesting that they were not specific for the upper limb group. These two questions were not in the M 2 DASH questionnaire.
The M 2 DASH questionnaire score was then calculated for the group of patients with upper limb injury and a correlation study performed with the original DASH questionnaire score showed a high correlation (Spearman's correlation coefficient: r=0.98, p<0.001), confirming that the ranking of the upper limb patients is similar in the two questionnaires.
Discussion
Our study shows that the DASH score was significantly higher in the upper limb group than the lower limb group and the control group, and lower limb group had a score higher than the control group. The DASH score was developed as a region-specific questionnaire but, in our study, the lower limb group scored significantly higher than the control group, suggesting that the questions are not specific for the upper limb. This is because the DASH questionnaire includes questions that do not solely rely on the function of the upper limb, e.g., 'ability to make a bed' or 'ability to manage transportation needs', which are obviously affected by both lower and upper limb disabilities. Other questions do not involve the use of the lower limb function, e.g., 'ability to turn a key' or 'ability to open a jar'.
The aim of developing the revised M 2 DASH questionnaire was to form a questionnaire that is more specific for upper limb injuries. The revised questionnaire was devised by excluding questions that the lower limb injury group scored highly on or, in other words, questions that were not specific for the upper limb. Using the original DASH questionnaire, the lower limb injury group scored significantly greater than the control group with no injuries, but this was not the case with the M 2 DASH questionnaire. Figure 1 clearly shows that the revised questionnaire results in lower scores for the lower limb injury group, and the scores for the upper limb injury group and the control group remain largely unaffected. In the modified questionnaire, at least half the questions from the original questionnaire's six domains remain. Question 10, 'ability to carry a shopping bag or briefcase' and question 20, 'ability to manage transportation needs' were among the 12 questions removed in the revised questionnaire. In addition, we have also shown a significant correlation between the scores obtained using the original DASH questionnaire and the M 2 DASH questionnaire in the group with upper limb injury, also suggesting that the M 2 DASH questionnaire is valid.
Our study shows that the original DASH questionnaire is not specific for the upper limb. This has important implications in measuring response in injuries and diseases that involve both upper and lower limbs. We have devised a revised questionnaire that we suggest is referred to as M 2 DASH questionnaire to allow identification as different from the original DASH questionnaire. The M 2 DASH questionnaire has the advantage of being more specific for the upper limb than the DASH questionnaire, and it correlates well with the original DASH questionnaire when looking at isolated upper limb injuries.
